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Abstract 

We update Q the results presented in Ref. @ for the nonmesonic decay 
(NMD) of \ 2 C and ^He. We pay special attention to the role played by Final 
State Intreractions (FSI) on the decay observables. We follow a One-Meson- 
Exchange (OME) model which includes the exchange of the 7r, p,K,K* ,rj 
and u mesons. We also present recent predictions for different observables 
concerning the decay of the doubly strange hypernucleus ||. 

I. INTRODUCTION 

The A particle, the lightest among the hyperons, decays in free space into nucleons and 
pions, with a lifetime of ~ 2.632 x 10~ 10 sec. This (mesonic) decay mode is dominant for 
the very light s-shell hypernuclei but, as the number of nucleons increase, it gets suppressed 
due to the low momentum of the outgoing nucleon, which gets Pauli blocked. Therefore, 
for hypernuclei with A ~ 5 or larger, the decay is assumed to proceed mainly via the 
two-body reaction AA" — > NN, the so-called nonmesonic decay (NMD) mode. Since at 
present the availability of stable hyperon beams is very limited, this NMD mode is the only 
source of information on the |A5| = 1 hyperon- nucleon (YN) interaction. Further, the 
decay of doubly-strange hypernuclei, as the decay of ^ A He studied here, provides additional 
information due to novel hyperon-induced decay mechanisms, namely AA — > AA" and AA — > 
EN. 

Our framework includes the exchange of the pseudoscalar ir, r], K octet for the long-range 
part while parametrizing the short-range part through the exchange of the vector p, to and 
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K* mesons. Realistic baryon-baryon forces for the S = 0, — 1 and —2 sectors |3| are used to 
account for the strong interaction in the initial and final states. 

II. FORMALISM 

Analytic expressions of the total and partial decay rates, as well as of the Parity Violating 
(PV) asymmetry for the decay of single- and double-A hypernuclei can be found in Refs. 
HHI]. Details on how to derive the transition potential and its final form can be found also 
there. Only some basic aspects of the formalism are going to be outlined here. 

The transition potential is derived by performing a nonrelativistic reduction of the Feyn- 
man diagram associated to the exchange of the meson under consideration. In analogy to 
One-Boson-Exchange (OBE) based models of the strong interaction, the present formalism 
includes not only the exchange of the long-ranged pion, but also more massive mesons which 
account for shorter distances. Those are the p, K, K*, 77 and uo mesons. In order to account 
for finite size effects, we include a monopole form factor at each vertex, where the value of 
the cut-off depends on the meson. 

As it is well known, one of the sources of uncertainty in OBE models comes from the 
coupling constants between baryons and mesons (BBM). In the strong sector the different 
interaction models use SU(3) in order to obtain the BBM couplings that are not constrained 
experimentally. Recently, the Nijmegen group has made available new baryon-baryon inter- 
actions in the strangeness S = 0,-1,-2,-3 and —4 sectors Q, where the S = — 2 — > —4 
versions are SU(3) extensions of the models in the S = and —1 sectors, which are fitted to 
experimental data. The authors of Ref. Q give six different models, which fit the available 
NN and YN scattering data equally well but are characterized by different values of the 
magnetic vector F/(F + D) ratio, ranging from 0.4447 (model NSC97a) to 0.3647 (model 
NSC97f). 

In the weak sector, only the decay of the A and E hyperons into nucleons and pions can 
be experimentally observed. For the other mesons, SU W (Q) represents a convenient tool to 
obtain the PV amplitudes, while for the Parity Conserving (PC) ones, we use a pole model 
|2||| with only baryon pole resonances. 

In order to take into account the effects of the strong interaction between the baryons, 
correlated wave functions are obtained from a G-matrix calculation for the initial AN and AA 
states. Our treatment of FSI is restricted |j] to the study of the mutual influence between 
the two emitted baryons. To include the effect of these FSI in the decay process, we obtain 
a scattering BB wave function from a Lippmann-Schwinger (T-matrix) equation using the 
NSC97f potential model of Ref. Q. In the next section, we will also show the results obtained 
with other more simplistic approaches. These approaches include, for instance, the absence 
of FSI or the use of a phenomenological correlation function multiplying the uncorrelated 
wave function. 

III. RESULTS 

We present updated results for the weak nonmesonic decay of hypernuclei to the light of 
the new Nijmegen baryon-baryon potentials ||. These strong interaction models influence 
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the weak decay mechanism, not only through the coupling constants and form factors at 
the strong vertex involved in the two-body reaction, AiV — > NN (and AA — > YN in AA- 
hypernuclei, where Y denotes a hyperon in the final state), but also via the PC piece of the 
weak vertex, obtained from a pole model, as well as from the corresponding correlated wave 
functions for the initial AA" and final NN states. 

Table | shows our estimations for the decay observables (in units of the free A decay rate, 
T\ = 3.8 x 10 9 s _1 ) of ^He and \ 2 C. Those numbers have been obtained working consistently 
within each of the strong models of the Nijmegen group. The new results for the nonmesonic 
rates compare favourably with the present experimental data. The n/p ratio has increased 
with respect to our previous works and it now lies practically within the lower side of the 
error band. The asymmetry for \ 2 C is also compatible with experiment || but that for ^He 
disagrees strongly from the recent experimental observation p] . The latter work finds a small 
and positive value for the elementary asymmetry parameter a a in a He, while that for A 2 C is 
large and negative. Our meson-exchange model does not explain the present experimental 
differences and understanding this issue is one of the current challenges, both experimental 
and theoretical, in the study of the weak decay of hypernuclei. 

We have found a tremendous influence on the weak decay observables from the way FSI 
are considered, especially in the case of total and partial decay rates. In Table [TJ we compare 
the results obtained by using different approaches to implement FSI. A phenomenological 
implementation of FSI effects, / p hen = 1 _ jo(<?c r ) with q c = 3.93 fin -1 , or not including them 
at all, gives rise to decay rates that differ by more than a factor of two, and to a neutron- 
to-proton ratio about 20% larger from what is obtained with the more realistic calculation 
that uses the proper NN scattering wave function. The A'-matrix solution represents an 
approximation which is only appropriate for standing waves, i.e. non-propagating solutions, 
as is the case in the nuclear medium. The differences observed in the decay rates and the 
n/p ratio are much larger than the uncertainties tied to the different strong interaction 
models commented above. Therefore, accurate calculations of the nonmesonic weak decay 
of hypernuclei demand a proper treatment of FSI effects through the solution of a T-matrix 
using realistic NN interactions. 

Predictions for the decay observables of ^He are shown in Table |ITT[ The AA" — > NN 
rate is found to be more than twice as large as in A He due to the increased binding of the 
second A hyperon. [] The total hyperon-induced rate is 4% of the total nonmesonic rate, 
and it is dominated by the AA — > An mode, which allows direct access to exotic vertices like 
AAK, unencumbered by the usually dominant pion exchange. Indeed, one-loop log corrected 
%PT results || modify the AA — > An by 50% while changing the AA" — > A^A" only at the 
15% level, demonstrating the power of this weak mechanism to test in the weak SU(3) 
sector. With a free A in the final state this new mode should be distinguishable from the 
usual nucleon-induced decay channels. 



1 We have to note here that this number could change in the light of the new data presented by 
Prof. Nakazawa during this conference: £( AA He) = 6.93 ±0.54 MeV and AB( AA Re) = 0.69 ±0.54 
MeV. 
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TABLES 
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0.288 0.341 
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0.70 ±0.3 [11| 
0.52 ±0.16 Q 


I 


0.564 0.413 

o.si±g:iS 11 


0.358 0.367 
0.05 ± 0.530 


TABLE I. Weak decay observables for ^He and \ 2 C. The strong NSC97a (left column) and 
NSC97f (right column) potential models have been used For the final NN wave function we 
used the solution of a T-matrix equation with either NSC97a or NSC97f. 


h He r 

A c L nm 


Tn/Lp 






Ap 


T 0.317 
K 0.475 
/phen(r) 0.766 
no FSI 0.721 


0.457 
0.471 
0.619 
0.614 




0.218 
0.323 
0.473 
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-0.682 
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-0.671 
-0.654 


TABLE II. Weak decay observables for ^He using 
model has been used. 
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to FSI. The NSC97f 


An — > nn 0.3( 
Ap — > np 0.6( 
AiV -> JV iV 0.9f 


) 


AA- 
AA- 
AA- 


-> An 
-> S°n 
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3.6 x 10" 2 
1.3 x 10~ 3 
2.6 x 10" 3 


Ln/Lp 0.46 




AA- 


-> y/v 


4.0 x 10~ 2 



TABLE III. Partial weak decay rates for ^A^e. 
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2 This number has been obtained dividing the experimental asymmetry, A = —0.01 ± 0.10 [||, by 
a polarization of P y = —0.19. 
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